Processes related to self-purification of Thi Nai lagoon has been studied in-situ and in laboratory in rainy season (October, 2013) and in dry season (May, 2014). Studied results shows that the capacity of self-purification of Thi Nai lagoon is quite good in rainy season, and the dominated process is material exchange. In dry season, due to the weak of material exchange, there is the accumulation of pollutants in water body, especial for nitrite, ammonium and phosphate. The studied results also indicate that the main processes that dominate the self-purification of Thi Nai lagoon are materials exchange, sedimentation, dispersion, decompose, and photosynthesis, respectively. The pollution loads discharged everyday into the Thi Nai lagoon is high, reducing the self-purification of lagoon, therefore it need to be controlled restrict.
Introduction
Thi Nai lagoon area located in the coordinate of 109°10'00''-109°17'00''E; 13°45'00''-13°56'30''N, belong to Binh Dinh province, Viet Nam. It is surrounded by Phuoc Thang, Phuoc Hoa, Phuoc Son, Phuoc Thuan communes (Tuy Phuoc district), Nhon Hoi, Nhon Binh, Hai Cang and Dong Da wards (Quy Nhon city). Thi Nai lagoon has length of 15.5 km, width of 500 m -5,000 m. It connects to Tuy Phuoc and Phu Cat communes in the North, to Quy Nhon city in the South, to Tuy Phuoc commune and Quy Nhon city in the West and to coastal sand-bank in the East. On administration, the lagoon is managed by Quy Nhon city, Tuy Phuoc and Phu Cat districts. Thi Nai lagoon has area of 5,060 ha at high tide and of 3,200 ha at low tide. The mouth of lagoon connects to Quy Nhon bay with the width of 500-700 m. The tidal flat area is in range of 1,800 ha -2,000 ha.
It is well-know fact that the waste/ pollutants discharged into the natural water bodies such as rivers, lakes and the sea disappear slowly with time. The removal of pollutants from a water body without any artificial controls is called self-purification, or natural purification (Koichi & Hong, 2002) . The mechanism of self-purification of water bodies can be divided into three groups: physical processes, chemical processes and biological processes. Physical processes contributing to the removal of pollutants from a natural water body include dilution/mixing by inflow by unpolluted water into the water body, diffusion of pollutants in water body, and precipitation/filtration of the pollutants to the sediment (Ifabiyi, 2008; Hanelore, 2013) . The volatilization of volatile pollutants from water to the atmosphere will also result in a decrease of pollutants in the water (Keqiang, Ying, Jun, Xiulin, & Jinbo, 2012) . Chemical processes related to the removal of pollutants from a water body are oxidation by oxidants such as ultraviolet, ozone and oxygen, reduction by reductants and neutralization. The biological processes include degradation/transformation of organic pollutants by bacteria by aerobic or an aerobic conditions, and nitrification and denitrification of ammonia and nitrate, respectively (Beyers & Odum, 1993; Drinan & Spellman, 2001; Grice & Reeve, 1982; Hily, 1991; Loo & Rosenberg, 1989; Logan & Hunt, 1987; Mandi, Houhoum, Asmama, & Schwartzbrod, 1996; Stimson, Larned, & McDermid, 1996) . Biological processes play the most important role among the mechanisms of self -purification in natural water bodies (Koichi & Hong, 2002) . Several natural biological filters also contribute in natural purification (Hily, 1991; Loo et al., 1989; Logan et al., 1987; Mandi et al., 1996; Stimson et al., 1996) . The biological removal of pollutants from a natural water body is usually called "true self-purification" and the total purification by physical, chemical and biological processes is called "apparent self-purification" (Koichi & Hong, 2002 ).
In Viet Nam, self-purification of a water body is not studied yet. In 1999, pollution mechanism of Ha Long Bay had been studied by Japan International Cooperation Agency experts JICA (1999) . In this study, some experiments of the sedimentation and dispersion of pollutant and the photosynthesis of phytoplankton in water and the decomposition of organic pollutants in Ha Long Bays had been carried out. From that, accumulation of pollutants in water body was assessed. It is a good method to assess the self-purification of a water body. Based on that study, we apply this method to Thi Nai lagoon to assess the self-purification of it. This paper presents the study on self-purification of Thi Nai lagoon, contributing in understanding of processes in lagoon, from that finding which process dominates the self-purification of Thi Nai lagoon.
Materials and Methodology

Study Area
Study area is Thi Nai lagoon, Binh Dinh province, Viet Nam. Location of Thi Nai lagoon was and experiment sites were given in figure 1. Two experiment sites in the lagoon were established to do experiments. Site TN-LT1 is located near the mouth of the lagoon and site TN-LT2 is arranged in the end of the lagoon. The average experiment data of two sites will be taken for further calculation. Experiments were done in rainy season (October, 2013) and dry season (May, 2014) . Each period of experiment last 20 days includes 3 days in the field and remain days in the laboratory. The experiment of rainy season last from 14 October to 4 November, 2013 and the one of dry season last from 22 May to 10 July, 2014. 
Methods
On principle, to assess the self-purification of Thi Nai lagoon, mass balance equation in a water body has been used as the following:
Water body
In which: 
Experiment Methods to Determine Coefficients of Mass Balance Equation (Figure 2):
Describe Experiments and Data Treatment
Sedimentation: An experiment system includes 4 pipes (length 0.5 m, diameter 10 cm) put into the sea bottom. Using heavy objects and buoys to keep system vertically and distance 0.5 m compare to bottom. Pollutants from surface water will fall down into pipes. After 72 hours, collect the system, mixing 4 pipes and collect water samples to measure parameters as NO 2 -, NO 3 -, NH 4 + , N-T, P-T, PO 4 3-, COD, BOD 5 , TSS. And then, calculate amount of pollutants settled in an area unit in the experiment time; convert to g/m 2 /day.
Photosynthesis: Surface and bottom water were poured into black and white containers and put into lagoon in the early morning (before sunrise) and collect in the late afternoon. Collect samples before and after experiment to analysis parameters as pH, DO, NO 2 -, NO 3 -, NH 4 + , PO 4 3-. Calculate amount of organic substance produced in one day in each season and also calculate amount of mineral nutrients consumed during photosynthesis process.
Dispersion: Surface sediment and seawater were collected and put into glass tanks (volume 30 litter), in which the bottom area of tank as: 0.4 m x 0.25 m = 0.1 m 2 and the thick of sediment layer was of 3-5 cm, the height of water column was 0.3 m. Glass tank was supplied oxygen continuously. After 0, 2, 5, 10, 15 and 20 days, collect water samples and analysis parameters as temperature, pH, DO, NO 2 -, NO 3 -, NH 4 + , N-T, P-T, PO 4 3-, COD, BOD 5 to determine the dispersion pollutants from sediment into water. Calculate amount of pollutants dispersed from sediment into water in each m 2 of sediment for each experiment site.
Decomposition: Surface water and bottom water were collected into dark containers. After 0, 2, 5, 10, 15 and 20 days, pour water from these containers and analysis parameters as: temperature, pH, DO, NO 2 -, NO 3 -, NH 4 + , PO 4 3-, BOD 5 , COD to determine the decomposition of organic pollutants.
Current flow and water quality were measured in 72 hours continuously in situ in 2 seasons to determine the exchange of substances in and out the lagoon. Delft 3D model was used to simulate water exchange and some hydraulic regime of lagoon. Table 1 presents calculated data of sediment rate and the dispersion pollutants from sediment to water of Thi Nai lagoon after finishing experiments. In the rainy season, sedimentation rate is higher than that in dry season 2.1 times for TSS; 1.9 times for organic matters and 1.2 times for nutrients. High sedimentation rates can reduce the contact time between organic matter and dissolved oxygen in the water column, and therefore can contribute to higher concentrations of carbon and nutrients in sediment (Pierson, Bishop, Van Sendon, Horton, & Adamantidis, 2002) . Experiment data show that sedimentation rate of pollutants is higher in site TN-LT2 due to this site is quite calm compare to site TN-LT1. The dispersion of materials from sediment to water column is also higher in rainy season, but the difference between two seasons is not much. As calculation, the area of lagoon is 38 million square meter, water volume in dry season is 86.91 million cubic meter and in rainy season is 88.81 million cubic meter (Vinh, 2014) . Based on that, amount of materials settled in the bottom and amount of materials dispersed from sediment into water column in Thi Nai lagoon was calculated (Table 2) . Table 3 presents photosynthesis experiment results, in which the fresh Carbon produced by photosynthesis have plus sign (+), the amount of mineral nutrients participate in photosynthesis and consumed, have minus sign (-).
Results and Discussion
Experiment Results and Calculation
From that, the amount of fresh Carbon produced and mineral nutrients consumed by photosynthesis in Thi Nai lagoon were calculated (Table 4) . In dry season (May, 2014), primary productivity of phytoplankton is higher than that in rainy season due to the radiation is very high in dry season, reach to maximum value and it speeds up photosynthesis of phytoplankton. Other side, in rainy season, due to dull weather, cloudy and less sunny that limiting photosynthesis of phytoplankton.
Decomposed experiment indicates decomposition of organic substance by micro-organisms in lagoon. During decomposed process, mineral nutrients of phosphorous and nitrogen were generated. Table 5 shows the decomposed coefficient of organic substance of water in Thi Nai lagoon and generated rate of mineral nutrients of phosphorous and nitrogen based on experiment data. Materials exchange in Thi Nai lagoon is done through the mouth of lagoon that connects to Quy Nhon Bay. Besides, the lagoon is also received a much amount of materials from Kon and Ha Thanh Rivers. Table 6 presents materials exchanged in Thi Nai lagoon based on current and water quality monitoring data at experiment sites. Note: plus sign (-): flow from the sea to lagoon; minus sign (+): flow from lagoon to the sea.
Thus, in rainy season, a big amount of water from rivers discharged into lagoon increasing water exchange of the lagoon. On the contrary, in dry season, the water mass from the Quy Nhon Bay come into lagoon dominated, increasing accumulation of pollutants in lagoon.
Mass Balance in Thi Nai Lagoon
Mass balance of a water body in a day only used for BOD 5 , COD (represented for organic pollutants) and mineral nutrients (nitrate, nitrite, ammonium and phosphate) that participate in self-purification and can be calculated from sedimentation, photosynthesis, decomposition, dispersion and material exchange processes. Table 7 and 8 present the mass balance in Thi Nai lagoon in both dry and rainy seasons. Note: plus sign (+) : amount of pollutants that produced or added in the lagoon; minus sign (-): amount of pollutants that decomposed or lost in lagoon; (*) After Hoa, 2014; Vinh & Thuy, 2011 . Table 7 indicates that, the self-purification of lagoon is quite good in rainy season. The materials exchange process play an important role in purification of lagoon in rainy season. In dry season, the self-purification is less due to decreasing of material exchange, leading accumulation of organic substance, ammonium and phosphate (Table 8) . Note: plus sign (+) : amount of pollutants that produced or added in the lagoon; minus sign (-): amount of pollutants that decomposed or lost lagoon; (*) After Hoa, 2014; Vinh & Thuy, 2011. In the above processes, the pollution load discharged into the lagoon is result from human activities, and it needs to be controlled. If this discharge is restrict controlled, the amount of pollution load would be decreased and the self-purification of lagoon would be enhanced. The remaining processes are natural processes; in which material exchange is dominate to self-purification of the lagoon. However, if consider to true self -purification which are photosynthesis and decomposition, it is found that there is the accumulation of nitrite, ammonium and phosphate in water.
The experiment results show that, in rainy season, the decomposition capacity of substances in water is quite good, primary productivity of water body is low, sedimentation is high and good water exchange; therefore the mass balance have minus sign (-). It indicates that the natural self-purification of lagoon is good. On contrary, in dry season, thought primary productivity of water body is higher, but other processes such as sedimentation, decomposition and water exchange are less so there is the accumulation of pollutants in water, the mass balance have plus sign (+). While, Thi Nai lagoon is located in the South Central Coast region of Viet Nam where featured with typical tropical monsoon climate with the average temperature of 27 o C. Rainy season normally lasts from September to December and dry season lasts from January to August or September. Thus, the accumulation of pollutants in the Thi Nai lagoon can be happen and predicted.
This finding is initial research and need to have more studies on self-purification of Thi Nai lagoon in different times in year to confirm it.
Conclusions
Experiments were carried out in Thi Nai lagoon to assess its self-purification. It is found that the self-purification of Thi Nai lagoon is quite good in rainy season, and the domination process is material exchange. In dry season, due to the less of material exchange, there is accumulation of pollutants in lagoon. Calculation results help us understanding partly nature of self-purification in Thi Nai lagoon and the main process dominate its purification. However, this study only done in 3 days for each season, and in another hand, pollution load discharged into lagoon is used similar for everyday; therefore, the mass balance calculation meets some certain limits. We need some further studies on self-purification of Thi Nai lagoon in different times in year to clarify its purification.
The mass balance study results show that the controlling of wastewater into lagoon is very important in order to minimum the accumulation of pollutants in lagoon. When the pollution load increases, the border between accumulation and not-accumulation is very tiny due to coefficients of self-purification processes changed in negative trend. Thus, treatment of wastewater before discharged into Thi Nai lagoon is necessary.
